Rotenoid content and in vitro acaricidal activity of Tephrosia vogelii leaf extract on the tick Rhipicephalus appendiculatus 
M.K. Kalume a, b, d, B. Losson b, L. Angenot c, M. Tits c, J.N. Wauters c, M. Frédérich c, C. Saegerman d,*

a Faculty of Veterinary Medicine, Catholic University of Graben, 29 Butembo, North-Kivu Province, Democratic Republic of Congo. 

b Parasitology and Parasitic Diseases, Department of Infectious and Parasitic Diseases Faculty of Veterinary Medicine, University of Liège, Liège, Boulevard de Colonster, 20, B43 Sart-Tilman, B-4000 Liège, Belgium

c Department of Pharmacy, Drug Research Center (CIRM), Laboratory of Pharmacognosy, University of Liège, B36 Sart-Tilman CHU, B-4000 Liège – Belgium.
d Research Unit of Epidemiology and Risk Analysis Applied to Veterinary Sciences (UREAR-ULg), Department of Infectious and Parasitic Diseases, Faculty of Veterinary Medicine, University of Liège, Liège, Boulevard de Colonster, 20, B42 Sart-Tilman, B-4000 Liège, Belgium.
* Corresponding author : Claude SAEGERMAN, University of Liège, Boulevard de Colonster, 20, B42, Sart-Tilman, B-4000 Liège, Belgium. Tel. : + 32 (0)4 366 45 79 ; Fax. : + 32 (0)4 366 42 61 ; E-mail address : claude.saegerman@ulg.ac.be
Abstract
This study aimed to determine the rotenoid content of leaf extracts of the white (TVW) and purple (TVP) varieties of Tephrosia vogelii, both collected in North-Kivu Province, Democratic Republic of Congo and to evaluate their in vitro acaricidal efficacy on the tick Rhipicephalus appendiculatus. The high performance liquid chromatography analysis of rotenoid compounds from those extracts revealed that the contents of rotenone and deguelin were respectively higher in the leaves of TVW (0.044% and 1.13%) than in TVP (0.014% and 0.66%). Batches of 20 live adult ticks were immersed for 15 minutes in six different doses of each plant extract (0.625 ; 1.25 ; 2.5 ; 5 ; 10 and 20mg /mL of distilled water) and in the solution of Milbitraz® (12.5% m/v emulsifiable concentrate of amitraz) as a positive control. Additionally 9.5% ethanol and distilled water control groups were included. Tick mortalities were recorded every 24 hours for 5 days. The results indicated that there was no significant difference (P > 0.05) between the acaricidal effect of Milbitraz® and the plant material used at a dose of at least 2.5 or 5 mg/ mL for TVW and TVP respectively. However, the dose response relationship determined at the fifth day after treatment showed a similar acaricidal effect for the two plant varieties with similar lethal dose 50 (LD50) of 0.83 and 0.81 mg /mL for TVW and TVP respectively. It is concluded that Tephrosia vogelii leaves may be used for the control of R. appendiculatus in areas where synthetic acaricides are either not available or affordable. However, T. vogelii extract should be sprayed in order to limit the potential risks of ecotoxicity linked to rotenoid compounds. 
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1. Introduction 
Phytotherapy is considered as a viable alternative to the use of synthetic compounds for the control of tick infestations of livestock (Moyo and Masika, 2009; Madzimure et al., 2011). This is particularly true in developing countries (Isman, 2008; Van Wyk, 2008) such as the Democratic Republic of Congo (DRC). A survey conducted by Kalume et al. (2009) in the Province of North-Kivu, DRC among the veterinarians of this area indicated that tick control is confronted with different constraints related to: (i) the total absence of acaricides in most farms; (ii) the poor availability and high cost of these compounds on the local veterinary market and (iii) the development of resistance of local ticks to the most commonly used acaricides such as amitraz and organophosphates. These constraints have prompted farmers to use empirically some plants such as Tephrosia vogelii Hook for the control of tick infestations and other ectoparasites of livestock (Kasonia and Yamalo, 1994; Byavu et al., 2000). 
Tephrosia vogelii Hook is widely distributed in tropical and subtropical countries (Troupin, 1982); due to its toxicity to fish it is mainly used for fishing in fresh water (its colloquial name is “Fish Poison Bean”) (Blommaert, 1950). Its main active components are rotenoid compounds and more particularly rotenone and deguelin (Hagermann, 1972; Hassan Al-Hazimi et al., 2005) which are well known for their insecticidal activity (Lambert, 1993; Ekpendu, 1998). Tephrosia vogelii is also listed as a medicinal plant in the PRELUDE data bank (Baert et al., 1996; Soheranda et al., 2004) in which it is presented as an anthelmintic, a molluscicide, an antiseptic and an insecticide. A leaf water extract is used for the control of insect and mite pests on crops (Troupin, 1982; Ratnam, 2001) but also mange and ringworm in animals (Van Puyvelde et al., 1977). In China it has been used to eliminate a population of Culex pipiens quinquefasciatus (Huang et al., 2007b) resistant to dichlorvos and chlorpyriphos (Liu et al., 2005; 2010). In Zimbabwe, Gadzirayi et al. (2009) reported that a water extract obtained from the leaves of T. vogelii could reduce the tick burden of cattle. 
Few data are available on the nature and concentration of active compounds in the leaf of the plant; additionally two varieties with respectively white (TVW) and purple (TVP) flowers are found in DRC and used for the same purposes. The aim of the present study was to determine the rotenoid contents of the leaves of both varieties collected in the Province of North-Kivu, DRC and to evaluate the in vitro acaridical activity of the leaves extracts on the tick Rhipicephalus appendiculatus, one of the main ectoparasites of cattle in this area. 
2. Materials and methods
2.1. Plant material

Fresh leaves from both varieties of T. vogelii Hook (Fabaceae) were collected in May 2011 in a single day in the botanical garden of the Catholic University of Graben in the city of Butembo, DRC at an altitude above sea level of 1825 m (29°15,153’ East - 0°07,117’ North). The leaves were left to dry for two weeks at ambient temperature and then for 72 hours at 40°C. The dried plant materials were then crushed and kept separately in airtight plastic bags in the dark. A voucher specimen of each plant (leaves, stems, flowers and seeds) was identified by Prof. Lambinon, University of Liège – Institute of Botany according to the voucher specimens deposited at the Herbarium of the Department of Botany, University of Liège, Belgium, with the References 2767 and 1500 for the variety of the white and purple flowers respectively.

2.2. Identification and evaluation of the content of rotenoid compounds in ethanol extracts of T. vogelii
A precisely weighed amount (around 1.0 g) of the powdered plant material was extracted with 100 mL of 95% ethanol (v/v) in water for 1 h by percolation technique (Wichtl and Anton, 2003). The solvent was then evaporated under reduced pressure with a rotary evaporator. The residual extract was dissolved in 50.0 mL methanol and was then filtered through a 0.45 µm filter. The high performance liquid chromatography (HPLC) analysis was carried out and LC/DAD spectra were recorded with an Agilent 1100 series (quaternary pump (G1311A), vacuum degasser (G1379A), Autosampler thermostatted (G1313A) column compartment (G1316A) and a diode-array detector (G1315A)) on a Hypersil ODS column (250 ( 4.6 mm; 5 µm particle size, Thermo). Samples were eluted with the following system: mobile phase A: Water; mobile phase B: acetonitrile; gradient: 0 min: 50% B; 30 min: 70 % B; 31 min: 50% B; then reequilibration for 15 min. The injection volume was 10 µL and separation was carried out at 25 °C with a flow rate of 1 ml/min. The detection wavelength was 294 nm and the total run time 46 min. Rotenone (>96%, HPLC) was obtained from the pharmacognosy laboratory collections and deguelin (>98%) was purchased from Sigma-Aldrich (Steinheim, Germany).

2.3. Tick collection and in vitro evaluation of acaricidal activity

A 50 gr sample of dry leaves of each variety was macerated in 250 mL of 95% ethanol according to the percolation technique (Wichtl and Anton, 2003). These extracts were kept at room temperature and in the dark until further use. Semi-engorged adults of the tick R. appendiculatus were collected manually in May 2011 from naturally infected cattle in the village of Misebere, North-Kivu Province at an altitude of 1916 m a.s.l. (29°19’ East - 0°05’ North). Ticks were kept in plastic aerated cell culture flasks and identified at the species level according to the morphological criteria reported by Walker et al. (2003). 
A total of 300 living ticks of both sexes were divided randomly into 15 batches of 20 ticks each. Each batch was immersed for 15 minutes in a predefined concentration of the two extracts (TVW and TVP). Six different concentrations in distilled water were evaluated: 0.3125; 0.625; 1.25; 2.5; 5 and 10% (v/v) corresponding to 0.625; 1.25; 2.5; 5; 10 and 20 mg of leaves / mL. A positive control consisted in a solution of Milbitraz® spray-dip, a 12.5% m/v emulsifiable concentrate amitraz-based compound (Bayer Ltd, Isando, South Africa) used according to the recommendations of the manufacturer (0.2% v/v). Additionally 9.5% ethanol and distilled water control groups were included. After immersion the different batches of ticks were transferred to plastic Petri dishes which were kept in the dark. The viability of each batch was recorded every 24 hours for 5 days under a dissecting microscope. Indeed, after this period of time the residual activity of rotenone in water solution is considered as negligible (O’Brien, 1967; Fukami and Nakajima, 1971). 
2.4. Statistical analysis

The data were handled by means of the software Excel®. The comparison of the mortality rates of ticks between treatments was made by means of a test of Welch for unequal variances (Dagnelie, 1998). The cumulative percentage of the corrected mortality rate (cM) was estimated according to the formula of Abbott (1925): cM= [(oM-uM) / (100-uM)] × 100,
Where: cM = corrected mortality rate; oM = mortality rate observed in the treated box and uM = mortality rate observed in the untreated box (distilled water).
The regression of the logarithm of the dose of plant extract according to the probits of the cumulative percentage of the corrected mortality rate of ticks allowed to determine the lethal dose 50 (LD50) according to the method of Finney (1971).

3. Results 

3.1. Rotenoid content in the two varieties of Tephrosia vogelii 

Results of the HPLC analysis are presented in Figure 1; rotenone and deguelin were detected in both varieties after 11.6 and 12.6 minutes of run respectively and were identified by comparison of their retention time and ultraviolet (UV) spectra with reference standards. To confirm the identification, several HPLC and thin layer chromatography (TLC) conditions were used. The contents in rotenone and deguelin are given in Table 1; TVW had a higher content of both compounds (0.044% and 1.13% respectively) when compared to TVP (0.014% and 0,66% respectively).
3.2. Evaluation of the in vitro acaricidal activity of TVW and TVP leaf extracts on R. appendiculatus 

Table 2 presents the cumulative mortalities of R. appendiculatus adult ticks in the different experimental groups over 5 days after treatment. Mortalities are dose-related; a 100% mortality rate was reached with the highest concentration (20 mg/ mL) 24 and 72 hours after exposure for TVW and TVP respectively. With 10 mg/ mL, mortality rate of 100 and 95% were recorded on day 5 with TVW and TVP respectively. Significant differences (P<0.05) were observed between the different batches. Mortality rate in distilled water control was significantly (P<0.004) lower than the ones observed with the lowest dosage (0.625 mg/ mL) regardless of the plant. Additionally, a significant (P<0.05) difference was observed also between the exposure to 9.5% ethanol and the plant material used at a dose of at least 2.5mg/ mL. This suggests a low acaricidal effect of 9.5% ethanol compared to the effect of the plant extracts. In contrast there was no significant difference (P>0.05) between the positive control (amitraz) and the four or three highest doses of TVW and TVP respectively. The dose-effect relationship for the two varieties of T. vogelii is shown in Figure 2. The two curves were almost identical; LD50 were 0.83 and 0.81 mg/ mL for TVW and TVP respectively. 

4. Discussion

The ethanolic leaf extract of T. vogelii exhibited a high level of toxicity on the tick R. appendiculatus. This acaricidal activity is probably linked with the presence of different rotenoid compounds which are known for their acaricidal and insecticidal activity (Hagermann et al., 1972 ; Matsumura, 1975 ; Uddin and Khanna, 1979). The contents in the two main rotenoid compounds identified in the plant namely rotenone and deguelin differ markedly as demonstrated by HPLC analysis: the amount of deguelin is higher when compared with rotenone. Similar observations were reported in different studies (Delfel et al., 1970 ; Hagermann et al., 1972). Delfel et al. (1970) found different concentrations of rotenoids in T. vogelii according to the part of the plant: the leaves contain higher amount of deguelin whereas the stems and roots have higher contents of rotenone. Matovu and Olila (2007) have reported also that leaves of T. vogelii collected in Uganda accumulate relatively high amounts of the active ingredients compared to the roots. This may explain why leaves are preferred by the local farmers for effective pest control as indicated earlier by Kalume et al. (2009), in addition to maintaining the life of the plant and hence a sustainable harvest. Rotenoid content varies also according to the age of the plant: the amounts increase with age to reach a maximum at maturity (Barnes et al., 1967; Hagermann et al., 1972). In the present study the leaves of both varieties were collected from mature plants. Finally the amount of rotenone may vary also according to the nature of the soil and the season (Huang et al., 2007a).
The acaricidal activity of T. vogelii leaf extract could be due to its high content in deguelin which was observed in both varieties. The exact mode of action of deguelin on ticks remains poorly elucidated and should be studied. Smaller amounts of rotenone were present in our samples, however this substance acts at very low dosages by blocking the respiratory mitochondrial pathway of the pest target through the specific inhibition of the oxidation of NADH into ATP (Fukami et al., 1970; Matsumura, 1975). This leads to a progressive reduction of nerve conduction and parasite death.
Although rotenoids must be considered as responsible for the majority of the acaricidal activity observed, the two varieties investigated showed a similar acaricidal activity and LD50 while the amount of rotenoids (rotenone and deguelin) in TVW was more than two fold higher in comparison with TVP. This probably suggests a synergic effect with other compounds which were not identified in the frame of the present study.
It is noteworthy that in the present study no significant differences were observed between the positive control (amitraz) and the plant material used at a dose of at least 2.5 or 5 mg/ mL, for TVW and TVP respectively. This suggests that T. vogelii could represent an alternative to the use of synthetic products which are usually expensive and difficult to obtain in many areas of the world. A similar observation was made in Zimbabwe where the activity of the leaves of T. vogelii was compared to Triatix D (amitraz) (Gadzirayi et al., 2009). In this latter study fresh leaves of T. vogelii were macerated in water. However rotenone and deguelin are rapidly break up in water (O’Brien, 1967; Fukami et al., 1971; Tomlin, 2000). Under these conditions the acaricidal effect would be due to their respective products of oxidation namely rotenolone and tephrosin (Matsumura, 1975; Uddin and Khanna, 1979).
Although the LD50 of both varieties were similar, the leaves of TVW were shown to contain higher amounts of rotenoid compounds than TVP; additionally a full acaricidal activity on the tick R. appendiculatus was achieved with a dose of 20 mg/ mL in 24 and 72 hours with TVW and TVP respectively. In the areas where both varieties are present, it could be recommended to use in priority the white one. However, seasonal collections should be analyzed before coming to the conclusion that the differences in concentration of rotenoids are significant between the two plants. It has been observed during the present study, that both varieties of T. vogelii can effectively control ticks and the dose response curves were very similar on the tick R. appendiculatus which is an important vector of cattle diseases in Eastern, Central and Southern Africa. 
However, precautions must be taken when using extracts of T. vogelii. The product should be used by spraying for two principal reasons: (i) Firstly, rotenone and deguelin are unstable in aqueous solution and exposed to light where they decompose in rotenolone and tephrosin respectively (Lambert, 1993 ; Ekpendu, 1998). This would require a renewal of the acaricide bath solution within about a week, period of time in which the residual activity of rotenone in water solution is considered as negligible (O’Brien, 1967 ; Fukami et al., 1971) and therefore, the cost of the dipping method would be very high; (ii) Secondly, extracts of T. vogelii have potential detrimental impact on the environment due to their toxicity on aquatic organisms (Blommaert, 1950; Troupin, 1982). Thus, dipping approach may represent a very high risk of the ecotoxicity when draining the acaricidal baths. 
Future studies should aim to improve the technique of spraying of T. vogelii extracts by adding adjuvants such as foaming products. Additional studies are required in order 1) to improve the formulation of extracts of T. vogelii either as a water soluble suspension or as an oil-based solution, 2) to measure the rotenoid content in relation with the season of harvest, 3) to assess the in vivo efficacy and safety, 4) to calculate the production cost using locally available solvents, 5) to determine the long term stability of the different compounds after storage under an appropriate form, 6) to evaluate withdrawal periods if any for meat and milk and 7) to assess the dose response curve on other tick species.
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Figure captions
Fig. 1. HPLC chromatographs, panel A is the chromatogram and structure of rotenone standard, panel B is the chromatogram and structure of deguelin standard, panels C and D are the chromatograms of rotenone (1) and deguelin (2) performed on the analysis of the extract of Tephrosia vogelii leaves - white flower (TVW) and purple flower (TVP) varieties respectively.

Fig. 2. Dose-effect relationship on day 5 after exposure of adults of Rhipicephalus appendiculatus to different concentrations of a leaf extract obtained from the white (TVW) or purple (TVP) varieties of Tephrosia vogelii.
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Table 1. Contents in rotenoid compounds of the leaves of Tephrosia vogelii - white flower (TVW) and purple flower (TVP) varieties
	Rotenoid compounds
	Content (%, m/m)

	
	TVW
	TVP

	Rotenone
	0.04385
	0.01394

	Deguelin
	1.1338
	0.6556

	Total
	1.17765
	0.66954


Table 2. In vitro acaricidal efficacy of extracts obtained from the leaves of Tephrosia vogelii on the adults of Rhipicephalus appendiculatus (n= 20) as a function of the time after exposure - white flower (TVW) and purple flower (TVP) varieties
	Treatments
	Doses a
	Cumulative numbers of dead ticks after exposure 

	
	
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5

	TVW
	0.625
	8
	8
	9
	9
	9

	
	1.25
	12
	13
	15
	15
	15

	
	2.5
	13
	14
	19
	19
	19

	
	5
	15
	19
	19
	19
	19

	
	10
	17
	19
	19
	19
	20

	
	20
	20
	20
	20
	20
	20

	TVP
	0.625
	5
	7
	8
	8
	9

	
	1.25
	10
	13
	14
	14
	15

	
	2.5
	15
	15
	17
	18
	19

	
	5
	19
	19
	19
	19
	19

	
	10
	19
	19
	19
	19
	19

	
	20
	19
	19
	20
	20
	20

	Positive control (Milbitraz®)
	
	18
	18
	19
	20
	20

	Ethanol 9.5%
	
	10
	12
	14
	14
	14

	Distilled water
	
	2
	2
	3
	3
	3


a mg of dried leaves / mL distilled water
A: Rotenone standard





B: Deguelin standard





C: TVW





(2)





(1)





D: TVP





(2)
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